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ABSTRACT
Sodium aluminum tetramethyl, sodium aluminum 
•tetraethyl, and sodium aluminum tetraisobutyl were 
prepared by the reaction of metallic sodium with the 
respective trialkyl aluminum compound in a suitable 
solvent.
A systematic study of selected physical 
properties of molten sodium aluminum tetraethyl was made. 
These properties included the heat of fusion, electrical 
conductivity, density and viscosity.
In an attempt to correlate the results obtained
for molten sodium aluminum tetraethyl with those in the
literature for other molten salts, it was found that the
value of 0.262 kcal mole * for the heat of fusion was low
by a factor of about 10. The equivalent conductance of
10.36 cm* ohm"* eq-/ at 130° C was also low when compared
with the usual values which range from 30 to 150 cm* ohm"7
eq“7 for completely dissociated molten salts near their
melting point. The viscosity of most ionic and covalent
salts is in the range 0.01 to 0.1 poise. The value found
o
for sodium aluminum tetraethyl at 130 C is 0.0513 poise.
By considering conductance and viscosity as 
rate phenomena, it is possible to evaluate energies of 
activation for both the conductance and viscous flow 
processes. By comparison of the various conductance,
vii
viscosity and activation energy values with those for 
other molten salts, it seemed necessary to assume a 
higher degree of covalency for sodium aluminum tetra­
ethyl than for simple sodium salts such as NaCl.
Ihe electrolytic conductance and viscosity 
of sodium aluminum tetraethyl in toluene was investigated 
in solutions of concentration varying from approximately 
0.1 to 1.2 N.
As a comparison, a study of the electrolytic
conductance and viscosity of solutions of sodium aluminum
tetramethyl, sodium aluminum tetraethyl and sodium
aluminum tetraisobutyl each in diethyl ether at approx- 
oimately 33 0 was made. It was found that the equivalent
conductance of sodium aluminum tetraethyl in diethyl ether 
is greater, by a factor of about 10, than that in toluene 
at the same concentration. Also, it was found that the 
equivalent conductance of the sodium aluminum alkyls 
studied in diethyl ether increases with the size of the 
aluminum alkyl anion.
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PART A
MOLTEN SALT STUDIES OP NaAl(02H5)4
GENERAL INTRODUCTION
Studies in molten salts are conducted for both 
fundamental and practical reasons. Prom a fundamental 
standpoint, such studies can be used to increase our know­
ledge of the liquid state, and also they offer a means of 
approaching concentrated electrolyte solutions from the 
opposite direction than is conventionally used. Prom a 
practical standpoint, studies in molten salts have led to 
methods of preparing pure metals such as aluminum and 
uranium. Also from a practical point of view, studies of 
molten salts have been conducted in the field of reactors.
The two more prominent models for ionic liquids 
as well as covalent liquids are the cage model and the hole 
model (l). In the cage model, the atoms or molecules are 
considered to be confined in cages or volume elements where 
they have greater freedom of movement than in the solid.
Thus, the main difference between the solid and the liquid 
is the greater free volume in the liquid. The hole theory 
proposed by Prenkel (2) and others also assumes some increase 
in free volume on melting, but this represents only a small 
part of the total increase which may be 25 per cent or more. 
Bockris and Richards (3) have found that the free volume per 
mole in the liquid is usually only about 2 per cent of the 
molar volume; the large part of the increase in volume on 
melting being acoounted for by the introduction of holeB
in the structure of the liquid. This may he compared with 
the presence of vacancies in the crystal lattice of solids. 
These holes tend to influence transport properties such as 
diffusiont conductance, etc., by allowing a movement of 
adjacent ions into them.
Of the two models, the hole model is generally 
considered more acceptable. One reason for this is that the 
coordination number of the atom involved would be expected 
to increase on melting in accordance with the cell model, 
whereas the reverse is found to be true. For example, LiCl 
has a coordination number of 6 in the solid state and a 
coordination number of 5 in the fused state. From X-Kay 
diffraction studies of CsBr and Osl Johnson, Agron, and 
Bredig (4) have observed no transition in structure from 
simple cubic to face centered cubic on melting as is 
observed with CsCl, and they have attributed the large 
increase in volume, 26.8 and 28.5 per cent for the bromide 
and iodide respectively, to a change in the first sphere of 
coordination of the ions. On melting, the coordination 
number of 8 for CsBr and Csl is decreased to 6.
A statistical mechanical treatment of simple ionic 
melts (5) predicts concentric shellB of average charge 
density surrounding a given ion in a manner suggesting a 
local lattice-like structure. The Debye limiting law is 
shown to be a special case of this model for extremely high 
temperatures, or very low ion number densities.
3Before any theoretical interpretations of the 
liquid state can be justified for salts other than simple 
salts, much more data must be obtained with respect to the 
physical properties of the substances involved. Studies 
made to evaluate these properties are generally conductivity 
measurements, viscosity, density, molar volume, phase 
diagrams including cryoscopy studies, surface tension, 
diffusion, X-Ray diffraction and Raman and ultraviolet 
spectroscopy. Two reviews (6,7) discuss both the experimental 
and theoretical aspects of many of these studies.
Studies along these lines with sodium aluminum 
tetraethyl or any of the related compounds? for example,
MAIR^ where M may be potassium, lithium, etc., and R may 
represent ethyl, propyl, etc., have not been reported. Yet 
the possibility of varying the cation or anion along with the 
low melting points of these compounds are distinct advantages. 
On the other hand, these type compounds offer some dis­
advantages in that they are very reactive and have limited 
liquid ranges in comparison to those of many molten salts. 
Compounds of the type MAIR^R*, where M represents sodium or 
potassium have been used for the preparation of metal alkyls, 
dialkyls and trialkyls and for the recovery of the metals 
involved (8,9»10). In addition, preparation of RaAl(C2H^ )^  
has been reported (10,12,13), but there is no literature on 
a systematic study of the physical properties of these 
compounds.
In this work, an evaluation of the heat of fusion 
by cryoscopy methods along with studies of the conductivity, 
density, and viscosity have been made on sodium aluminum 
tetraethyl. Prom this work it is hoped that a correlation 
between the results obtained here, and those obtained from 
studies on other salts will be useful for interpreting the 
mechanism of conductance and viscous flow.
A. Heat of Pusion of HaAl(C2H5)ij>
The basic equation relating the activity (a), 
or in ideal solutions the mole fraction (N), of a solvent 
to the freezing point of its solution may be obtained from 
the following equation:
.t
I —  ss In a (1)
RT
where P represents the free energy of the solvent in the 
solid (superscript s) and liquid state (superscript 1), 
and R is the molar gas constant. If the solution is assumed 
to be ideal, (a) may be replaced by the mole fraction (N) 
of the solvent, and since
_  _ H
)  1 “  "t* ^
we can obtain the following equation by differentation of
equation (l).
3Before any theoretical interpretations of the 
liquid state can he justified for salts other than simple 
salts, much more data must he obtained with respect to the 
physical properties of the substances involved. Studies 
made to evaluate these properties are generally conductivity 
measurements, viscosity, density, molar volume, phase 
diagrams including cryoscopy studies, surface tension, 
diffusion, X-Ray diffraction and Raman and ultraviolet 
spectroscopy. Two reviews (6,7) discuss both the experimental 
and theoretical aspects of many of these studies.
Studies along these lines with sodium aluminum 
tetraethyl or any of the related compounds; for example,
KAIR^ where M may be potassium, lithium, etc., and R may 
represent ethyl, propyl, etc., have not been reported. Yet 
the possibility of varying the cation or anion along with the 
low melting points of these compounds are distinct advantages. 
On the other hand, these type compounds offer some dis­
advantages in that they are very reactive and have limited 
liquid ranges in comparison to those of many molten salts. 
Compounds of the type MAIR^R', where M represents sodium or 
potassium have been used for the preparation of metal alkyls, 
dialky Is and trialkyls and for the recovery of the metals 
involved (8,9»10). In addition, preparation of RaAl(C2H^)^ 
has been reported (10,12,13), but there is no literature on 
a systematic study of the physical properties of these 
compounds.
In this work, an evaluation of the heat of fusion 
by cryoscopy methods along with studies of the conductivity, 
density, and viscosity have been made on sodium aluminum 
tetraethyl. From this work it is hoped that a correlation 
between the results obtained here, and those obtained from 
studies on other salts will be useful for interpreting the 
mechanism of conductance and viscous flow.
A. Heat of Fusion of NaAl(C2H(j)4 
The basic equation relating the activity (a), 
or in ideal solutions the mole fraction (N), of a solvent 
to the freezing point of its solution may be obtained from 
the following equation:
— -I-- —  =  in a (1)
RT
where F represents the free energy of the solvent in the 
solid (superscript s) and liquid state (superscript 1), 
and R is the molar gas constant. If the solution is assumed 
to be ideal, (a) may be replaced by the mole fraction (N) 
of the solvent, and since
_ H
(2)T T
we can obtain the following equation by differentation of
equation (l).
5H1 - H1 
RT*
Integrating this expression from the freezing point of pure 
solvent T0 to that of the solution T we obtain:
log H _  tfL_ (i - I) ^
2.303R V ^ o T '
In order to perform the integration it is necessary to 
assume that A  Hf, the heat of fusion of pure solvent, 
is constant over the range of temperature from T0 to T.
The "Cryoscopic" value of the heat of fusion can then he
determined from the limiting slope of a plot of log N 
versus l/T with the assumption that the solution is behaving 
ideally at these low concentrations.
Oryoscopy is a term used to denote freezing point 
measurement studies when the concentration of the solute 
does not exceed about one tenth mole fraction. This is 
in contrast to phase diagram studies in which the con­
centration of the added component is varied from zero to 
one hundred per cent. For an excellent review of such 
studies see reference 6.
In Figure 7 we see the results of such studies on 
the system sodium aluminum tetraethyl as solvent and sodium 
aluminum tetramethyl as solute. Data from which the plot 
was made are presented in Table I. Experimental procedures 
and apparatus are discussed in chapter III.
AHf
RT:
d In N 
" " 'df
(3)
B. Electrolytic Conductance of NaAl(02115)4
The resistance, R , of a conductor varies directly 
with the length, L , over which the conduction takes place 
and inversely with the cross-sectional area, A , of the 
conducting medium. This relation can be expressed by the 
following equation:
R =  r (5)
where r is the resistivity or specific resistance.
The specific conductance k (ohm"7 cm"*) is defined 
as the reciprocal of the specific resistance, hence
k = JL_ s i (6)AR R
We have replaced the geometrical variables of the cell by 
the constant, G , which is generally determined by measuring
the resistance of a standard solution of potassium chloride
of known conductivity.
The equivalent conductance (cm* ohm“/eq“/ ) of a 
molten salt can be expressed by the relation (7)
A  =  k Vfl s  k '£ (7)
e d
where Ve is the equivalent volume and E and d are the 
equivalent weight and density respectively. The equivalent 
conductance is generally preferred for comparison among 
different salts.
The specific and equivalent conductance for many- 
molten electrolytes over limited temperature ranges, es­
pecially near the melting point, can he represented hy 
equations of the form
k s Ak exp { - Ek/RT} (8)
A  = Aa exp (9)
where E^ and E ^  represent the energy of activation for 
conductance. It can be seen that when these relationships 
are valid, a plot of log k or log A  versus l/T should he 
a straight line. As can he seen from Figures 8 and 9, the 
plots for NaAl(C2H5)^  appear to he linear up to approximately 
ten degrees above the melting point. Data for these plots
may he found in Table II.
C. Density of NaAl( 02*15)4 
Since it is necessary to evaluate properties such
as molar volume, equivalent conductance, etc., the density
of a molten salt or ionic melt is a very important property.
In accordance with equation 7 it is necessary to 
know the density as a function of temperature for evaluation 
of the equivalent conductance from measured values of the 
specific conductance. Values of A  were desired for a plot
of log A  versus l/T in order to determine EA for comparison
with E^ .
D. Viscosity of NaAl(02^)4 
The viscosity for most simple fused salts is in
the range 0.01 to 0.1 poise. It has been found that exponen­
tial relations of the type
>? = B exp {E /RT} (10)
agree with experimental results. Here %  is the coefficient 
of viscosity and E>jthe energy of activation for viscous 
flow. This relation was first proposed by De Guzman (14) 
and Dunn (15). According to equation (10), a plot of log 
against l/T should be a straight line, the slope of which 
yields Ejj (16,17,18). As discussed in the section on 
conductance, similar equations are observed to apply to 
specific and equivalent conductance. Hence, from a study 
of the variation of conductivity and viscosity with 
temperature it is possible to evaluate and compare the 
energy of activation for both processes. Generally, for 
simple fused salts the energy of activation for viscous 
flow is 2 to 4 times that for conductivity due to the fact 
that viscous flow involves a greater configurational change 
than conductance. In viscous flow both ions must migrate 
to preserve electrical neutrality, whereas in conductance 
the smaller ion is usually responsible for carrying the 
larger part of the current. This type of conductance is 
said to be uni-ionic. Figure 11 is a plot of log >2 versus 
l/T. Data for this plot may be found in Table IV.
II
PREPARATION AND HANDLING OP 
NaAl(02H5)4 AND NaAl(CH5)4
Sodium aluminum tetraethyl was prepared in this 
laboratory by the reaction of metallic sodium with triethyl 
aluminum using toluene as the reaction medium (13). The 
dry box used in the handling of the various materials is 
constructed of stainless steel with a shatter-proof glass 
window as a means of seeing into the box. It is equipped 
with a flow meter, demand valve, and pressure release valve 
as found on most manufactured dry boxes. This box was built 
in the Coates Laboratory machine shop.
Approximately 4 grams of sodium, weighed on a 
scale inside oi' the dry box, were cut into small pieces 
and placed in a three neck Morton round bottom flask. One 
hundred mis. of toluene, previously dried with sodium wire, 
were added. The toluene used was Pisher reagent grade.
The flask, with appropriate standard taper stoppers in the 
neck holes, was removed from the dry box and placed on a 
heating mantle. A teflon stirring adapter and a stainless 
steel stirring rod were placed in the center neck of the 
flask. An ordinary air condenser with a T-joint placed in 
the top was connected to one of the remaining necks of the 
flask. Nitrogen was introduced into the system through one 
branch of the T-joint. The remaining branch of the T-joint 
was connected to a trap v/hich in turn was joined to a flask 
containing mineral oil. Thus, an excessive pressure in the
9
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system was prevented. The mixture of sodium and toluene 
was heated and stirred vigorously until a fine dispersion 
of sodium was formed. A variac, usually reading between 
60 and 70, was used to control the. heating process. Using 
the dry box to work in, 25 mis. of triethyl aluminum and 
50 mis. of toluene were poured into a modified dropping 
funnel.- The modification consisted of an additional side 
arm to allow smooth delivery and a teflon stopcock to 
prevent leakage. The dropping funnel with its contents was 
removed from the dry box and placed into the remaining neck 
of the reaction flask. When the first few drops of the 
triethyl aluminum and toluene mixture are added to the 
reaction vessel, an immediate darkening of the mixture occurs. 
The addition is continued drop-wise as long as the system 
is refluxing smoothly. The total reaction time after the 
initial introduction of triethyl aluminum usually ran about 
45 minutes, depending upon the rate of addition and reflux.
The sodium aluminum tetraethyl is soluble in the toluene at 
this temperature, and it is necessary to transfer the 
reaction flask with its contents back into the dry box, where 
the solution is decanted from the sodium and aluminum 
remaining in the bottom of the flask.
Due to the very reactive nature of the sodium 
aluminum tetraethyl, and the difficulty of having a com­
pletely "dry" dry box, it was found advantageous to re- 
crystallize the compound immediately after its original
11
crystallization, which usually took from 1-1-&- hours.
About two mis. of toluene per gram of sodium aluminum 
tetraethyl was found to give a favorable yield upon re­
crystallization. The initial temperature of the toluene
0
should be about 85 C. In order that the product dry 
easily, it was washed with previously dried n-hexane and 
filtered under vacuum. The sodium aluminum tetraethyl, 
m.p. 126.5-127.2°C, is white and needle-like in 
appearance. The melting point of the compound along with 
repeated experimental conductance values was used as 
an indication of purity. The product was kept in tightly 
covered ;jars wrapped with electricians tape. The 
balanced equation for the reaction is
3 Na + 4 A1(C2H5)5 — *  3 NaAl(C2H5)4 + A1
The same basic procedure is followed in the 
preparation of sodium aluminum tetramethyl as was used in 
the preparation of sodium aluminum tetraethyl. However, 
the sodium aluminum tetramethyl is insoluble in toluene 
and will precipitate along with the sodium and aluminum.
It is also necessary to reflux for several hours in the 
preparation of the sodium aluminum tetramethyl. The sodium 
aluminum tetramethyl will not be visible in the reaction 
flask, since everything in the bottom of the flask will 
appear blaok. It is necessary to decant as much liquid as 
feasable. Then, small portions of dry diethyl ether are
12
used to extract the product from the waste material. The 
ether is vaporized and removed under vacuum. A small 
amount of toluene is first added, and since the sodium 
aluminum tetramethyl is insoluble in toluene, it tends to 
precipitate as the concentration of toluene is increased 
by the vaporization of the ether from the solution. The 
sodium aluminum tetramethyl is also white. It was kept 
in a sealed container which was placed inside of a vacuum 
dessicator. The dessicatar was located in the dry box.
The balanced equation for the reaction is as follows:
3 Ha + 4Al(0H^)^  3 NaAl(CH ) + A1
Of the two reactants, triethyl aluminum and 
trimethyl aluminum, the latter is the more reactive with 
air or water. Both of the compounds are pyrophoric and 
should not be exposed to air.
In order to destroy the waste sodium and aluminum, 
the synthesis apparatus is set up with the waste material in 
approximately 100 mis. of toluene. Isopropyl alcohol is then 
slowly added. After the reaction with the alcohol slows 
down, a mixture of isopropyl alcohol and water is added.
Then finally, water is added until aluminum hydroxide is 
formed. This can then be poured down the drain.
Whenever it is necessary to destroy any excess 
sodium aluminum tetraethyl or sodium aluminum tetramethyl,
13
it should he done in the dry box by adding small quantities 
of alcohol and then removing the flask or apparatus from 
the dry box and cautiously mixing the waste material with 
water. Just as with sodium, large pieces of either compound 
should never be added directly to water.
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EXPERIMENTAL PROCEDURE AND APPARATUS
A. Heat of Fusion of NaAl( 02^)4 
The freezing tube used in this work is shown in 
Figure 1. It was fabricated from pyrex glass# The large 
opening at B permits the addition of solute, while the two 
small side arms allow the introduction of nitrogen. A 
chromel-alumel thermocouple was used to follow the tem­
perature. The thermocouple well was made by pulling a 6 mm. 
glass tube until its walls were very thin. The bottom 
three centimeters of the well were filled with silicone oil 
to allow better thermal contact. The reference junction 
was immersed in a dewar flask containing crushed ice and 
water. The cooling bath consisted of a three inch diameter 
glass cylinder coated with approximately one half inch 
asbestos insulation and filled with silicone oil. The top 
of the cylinder was covered with a half-inch thick cork 
stopper with three holes bored in it. A stirring rod, 
attached to a small rotary motor, was placed in one of the 
holes, while a thermometer and the freezing tube occupied 
the other two. Figure 2 shows a diagram of the cooling 
assembly. The temperature of the cooling bath was main­
tained three to five degrees below the expected freezing 
point of the solution with a constanoy of ±0.5 degree. An 
Isomantle heating pad, a product of Standard Scientific 
Corporation, was used to control the temperature.
Since both the solvent and solute react wilh
.14
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oxygen and water it was necessary for the cooling bath 
assembly and hence the working thermocouple function to be 
placed inside of the dry box. The emf measuring device, 
a Leeds and Northrup type K-2 potentiometer with a Rubicon 
galvonometer as a null current indicator, was operated 
adjacent to the dry box.
The emf created by the chrome1-alumel thermo­
couple per degree change in temperature was determined by 
measuring the emf at both ends of the temperature range to 
be studied and forming the ratio of the total emf to the 
total temperature difference. The emf was found to be 
0.0404 mv. per degree as compared to 0.041 mv. per degree 
over the same temperature range as listed in reference 19.
The following procedure was used for each 
concentration run. The weight of RaAl(CH^)^ added was 
determined by the use of a weighing bottle. The difference 
in weight before and after the removal of some RaAl( 0113)4 
represented the weight added. The freezing tube containing 
the melt of NaAl( 0183)4 in NaAl(C2H3)4 was kept approximately 
five degrees above the expected melting point for a period 
of thirty-five minutes and then transferred to the cooling 
bath. The decrease in emf was followed with the potentio­
meter, and the time was followed with a stop watch. At the 
melting point the emf was relatively constant, within 0.0041 
mv., for several minutes, then it dropped rapidly. The 
emf data and the melting points associated with the 
individual solutions involved are listed in Table I.
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FREEZING TUBE APPARATUS
V
Figure 1
A Freezing Tube 
B Stirring Rod 
0 Thermometer
D Glass Cooling Bath (Silicone Oil) 
E Isomantle 
F Asbestos Insulation 
G To Isomantle Control 
H Cork Stopper
“d yin
B
CO
E
Cooling Assembly for Cryoscopy Work 
Figure 2
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B. Electrolytic Conductance of Molten NaAl(02^)4
Figure 3 shows the cell used for the conductance 
studies. Since the conductance of HaAl(03*15)4 is of the 
order of magnitude of an aqueous 0.1 N potassium chloride 
solution it is not necessary to construct a cell of high 
cell constant as is generally done in conductivity studies 
of molten salts. As can he seen in the drawing, the cell 
is a modification of those used in aqueous studies. The 
cell constant was determined hy using a 0.1 N solution of 
potassium chloride with a specific conductance at 25°C of 
0.01288 ohm"^  cm"7 (20). The value of the cell constant 
was found to he 0.648 cm“/.
The cell was filled in the dry hox with molten 
NaAl(02^)4 and transferred to a constant temperature hath 
outside of the dry hox. By means of the cover to the cell, 
shown in Figure 3» a small excess nitrogen pressure was 
maintained while the cell was in the hath. This was done 
to prevent an internal pressure huild up, and to prevent 
any influx of air into the system. The constant temperature 
hath consisted of a 10-jg- inch high pyrex glass cylinder 
having an inner diameter of 10 inches. The cylinder was 
coated with 1 inch of asbestos insulation. The cylinder 
was filled with a hulk mineral oil, "Marco 1”, which was 
satisfactory when used for short periods of time. Stirring 
was provided hy a conventional motor driven stirring rod. 
Three immersion’type tuhular heating elements, connected
19
in parallel and controlled by a thermocap relay (Niagara • 
Electric Company product) through a variac, provided the 
source of heat. The thermocap relay, used to control the 
heating elements, was attached by a lead wire and clip to 
a differential thermometer. The temperature was controlled 
within * 0 , 2  degree.
Measurements of the resistance were made at 1000 
c.p.s. and also at 60 c.p.s. Measurements were made with 
a model RC 16 conductivity bridge manufactured by Industrial 
Instruments. A maximum error of 1 per cent is involved In 
reading resistances with this instrument. Measurements 
were taken over a temperature range of approximately 
thirteen degrees above the melting point•
C. Density of NaAl(02^)4 
The determination of density in molten salts is 
generally made by the familiar buoyancy method (21,22) which 
makes use of Archimedes principle, but size restrictions 
due to the size of the dry box made this method impractical. 
Therefore, the density was determined with a pycnometer.
The constant temperature bath used is described in the 
following section on viscosity. The capillary tube, forming 
the top of the pycnometer, was heated on a heating mantle 
prior to immersion of the pycnometer in the oil bath, in 
order to allow the salt to rise in it. After thermal 
equilibrium was established, the pycnometer was removed 
from the oil bath and the salt allowed to solidify. The
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bath was controlled within ±0.2 degree. After cooling,
the pycnometer with molten salt was weighed on an analytical
balance.
The volume of the pycnometer was determined by
using o-xylene, b.p. 144° C, as a standard. The density
of o-xylene as a function of temperature is given by the
expression d a 0.8795(1 - 0.000937 t) (23). The volume
of the pycnometer was determined at the upper end of the
range studied. Since the temperature variation was only
ten degrees, the change in volume of the pycnometer was
oneglected. The volume of the pycnometer at 141 C was 
found to be 2.319 mis. Values of the density at the 
points determined may be found in Table III. The accuracy 
of the fourth significant figure is doubtful. Figure 10 
is a plot of the variation of the density with temperature 
over the temperature range studied. In molten salt studies, 
the variation of density with temperature is generally 
expressed by an equation of the form d =» a - bt.
D. Viscosity of NaAl( 021^)4 
Several methods for the determination of 
viscosities in fused salts have been used successfully; 
the method of concentric cylinders, oscillational methods, 
and capillary methods (24). We have chosen to use a 
capillary method because of its simplicity in construction 
and ease of measurement. Figure 4 is a diagram of the 
viscosimeter used. It is a modification of the type used
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by Bloom, Harrap and Heymann (25). Pyrex glass was used 
for its fabrication. The capillary was 8.5 cm. in length 
and 0.05 cm. internal diameter, and led to a bulb of 0.8 cm. 
inner diameter and 4 cm. length. This working bulb ended 
in a short 1 cm. capillary of approximately 0.015 cm. 
diameter which opened into another bulb of 8 cm. length 
and of the same diameter as the working bulb. A side 
arm in the upper bulb led to a manometer.
Poiseuille's equation forms the basis far the 
capillary method of determining viscosities. Table IV 
includes the mathematical expression used to evaluate the 
coefficient of viscosity. The Hagenbach kinetic energy 
correction to Poiseuille's equation has been found by 
Gruneisen (1905) to be unnecessary when the capillaiy has 
trumpet shaped ends leading into a large reservoir (25).
Figure 5 shows the heating bath used for the 
viscosity measurement. It is composed of an immersion 
type heating element controlled manually with a variac, a 
stirring blade, the viscosimeter, and a mercury in glass 
thermometer. Figure 6 is a block diagram of the essential 
apparatus used in the experiment. The pressure differential 
causing the flow of the sodium aluminum tetraethyl up the 
capillary was created by the use of a large glass vessel 
(approximately 12 liters) as a vacumn reservoir. By use 
of a nitrogen pressure, the salt was forced down the 
capillary. A simple two-way stopoock was used for this
purpose. It could connect the side arm of the viscosimeter 
with the vacumn reservoir or the nitrogen pressure. The 
pressure, as measured on a simple U-tube mercury manometer, 
was. constant within 0.05 cm. during the time of a run. The 
time for flow between the lower and upper constriction was 
measured with a MTime It” by Precision Scientific Instru­
ments reading to one tenth of a second. The temperature 
was maintained constant within 1 0.2 C.
The criterion for the use of Poiseuille’s equation 
is the constancy of the product of the pressure differential 
and time of flow. O-xylene, b.p. 144° C, was used as a 
standard substance (26). The constancy of the-pressure­
time product for the standarization of the viscosimeter is 
shown in Table V.
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IV
DISCUSSION OP RESUITS 
A comparison of the properties of various molten 
salts may not be completely justified due to the fact that 
melting points often vary over several hundred degrees.
Some authors suggest using temperatures which are a definite 
fraction above the respective melting point, assuming that 
all remnants of the crystalline structure will have dis­
appeared. However, by comparison of experimental results 
many trends have been observed in the various physical 
properties, and from these trends some understanding of the 
phenomena involved has been obtained.
The latent heat of fusion is the energy required 
to overcome the forces producing the crystalline arrange­
ment, and hence the magnitude of this property will depend 
upon the type of intermolecular forces involved. Generally, 
the higher the melting point of a particular salt the more 
ionic is the salt. The temperature of fusion If and the 
latent heat of fusion Hf are related by Tf s Hf/Sf • The 
value 0.262 kcal mole^for the latent heat of fusion of 
sodium aluminum tetraethyl as obtained from the slope of a 
plot of log N versus l/T, Figure 7* is low, and differs by 
a factor of about 10 from the value for typical substances. 
Values for this property generally are in the range of 2 to 
10 kcal mole”*. A higher degree of covalency for the 
sodium aluminum tetraethyl may account for its lower value
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for the heat of fusion.
Measurements of the electrical conductance of 
molten salts are perhaps more numerous than any other 
property. The magnitude of this property indicates the 
extent of covalency of the salt. A study of the equivalent 
conductance of some chlorides in the order of the periodic 
tahle of the elements shows the familar stepladder 
separation between the ionic and covalent chlorides (27). 
The equivalent conductance of sodium aluminum tetraethyl,
13 cm* ohm’7eq-/, is of the same order of magnitude as the 
lower member chlorides of the Boron family; chlorides 
having a similar value of -A being considered ionic.
For many molten electrolytes it is found
experimentally that a plot of log A  or log k versus l/T
is essentially linear over limited temperature ranges, 
and many recent studies (27) have considered ionic trans­
port as a rate process to which the expressions
k = Ak exp f- Ejc/RT}
Af * Aa exp ( - E /RT }
are applicable. For sodium aluminum tetraethyl, such plots 
are linear for approximately ten degrees above the melting 
point, as can be seen in Figures 8 and 9* They then tend 
to curve as if approaching a maximum. The increase in 
conductance with temperature becomes smaller as the tem­
perature is increased. Except for LiOl, some slight
curvature in plots of log k versus l/T for all of the alkali 
halides is observed when data of the highest accuracy is 
used (28). In general, electrolytic conductance in fused 
salts is attributed primarily to the movement of the smaller 
ionic species present. A study of the variation in con­
ductance of the alkali halides (29) shows that conductance 
by Li*>Na+ > K* etc., and for the various halide anions 
01 >  Br* >  I~ . Whenever conduction by the larger anion
occurs, the conductance value is generally lowered (29); 
the larger anion experiencing greater viscous resistance 
to flow. It was thought that with sodium aluminum 
tetraethyl conductance would be uni-ionic, the smaller 
sodium ion doing the conducting. However, a comparison of 
the equivalent conductance between NaCl and NaAl(02^)4 
at a temperature representing approximately 10 per cent 
above the respective melting points, shows that NaCl is 
a much better conductor. The equivalent conductance of 
NaCl is 152 cm* ohm^eq"7 as compared to 13 cm* ohm** eq;for 
NaAl(02^ ) 4. A contributing factor to this lowering of 
conductance for the sodium aluminum tetraethyl may be an 
increase in polarizability of the large anion leading to 
a more covalent species. This is in agreement with the 
low melting point. Also, the large anions may form some 
sort of network arrangement preventing the usual unrestrict­
ed flow of the sodium ion.
We generally assume salts to be completely
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dissociated. However, the problem of partial ionization
in molten salts is receiving attention (30). For most
fused salts in which dissociation is complete, it is found
that near the melting point A  varies from 30 to 150 cm4
«
ohm”/eq“7 , and the energy of activation, , varies from 
1 to 5 kcal mole-/ . Thus, on the basis of values of A  
we may assume partial dissociation in the case of sodium 
aluminum tetraethyl.
In addition to the equivalent conductance as 
a comparison of different molten salts, the energy of 
activation is widely used. This is simply the energy 
barrier to transport phenomena. For the alkali halides 
we find that while the equivalent conductance varies from 
180 cm * ohm**7 eq-/ for LiCl to 88 cm* ohm"/eq'/ for CsCl 
(at 100° above the melting point) the activation energy 
goes from 2 to 5 kcal mole"^. Generally, E A is greater 
than Ejj., approximate equality of the two resulting from 
a low melting point or small volume coefficient of thermal 
expansion (oc). Ibis can be seen from Martin’s equation (1)
Ea s Efc + RT*o^
This equation is valid at temperatures up to 4-00° K.
«• /
Using E a equal to 9.72 kcal mole and E^ equal to 9.65 
kcal mole**^ , we calculate equal to 6.5 X 10**cc/deg for 
sodium aluminum tetraethyl.
The value of the coefficient of viscosity for
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most ionic and covalent melts usually lies in the range 
0.01 to 0.1 poise. The value obtained experimentally for 
NaAl(02H5)4 at 130° C is 0.0513 poise.
Since viscous flow involves both anions and 
cations, whereas conductance is usually uni-ionic, we 
would expect Ejjto be greater than E^. This is generally 
the case, the ratio Ej|/EA lying in the range 2 to 4. 
Similarity between the values of Ejj and E A is usually 
indicative of association or complex formation. Examples 
of this have been observed with HgBr2 (30), KSCN and NaSCN 
(31)» and BePg (32). Comparison of data for some of these 
compounds with that for sodium aluminum tetraethyl is 
interesting. 3?or example, the study by Plester, Rogers 
and Ubbelohde of NaSCN and KSCN shows specific conductance 
values to be respectively 0.67 and 0.16 ohm'7 cnf/• This is 
not very far from the 0.06 ohm"*7cm^for molten sodium 
aluminum tetraethyl in the neighborhood of its melting 
point. Ejjfor KSCN is 5.72 kcal mole"7 while E^ for 
NaAl(C2H5)4 is 6.74 kcal mole*^  . Also E>, /E^ . is 0.98 for 
KSCN and 0.69 for NaAl(C2H^)4. The above mentioned authors 
were primarily interested in the mechanism of melting and 
not conductance or viscosity. They attributed the low 
melting point of KSCN (175° 0) to contributions of 
associated complexes in the melt to the entropy of fusion. 
These increase the entropy without requiring large heat or 
volume changes. The structure of these complexes was not
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elucidated. In the case of HgBr2 » the degree of 
dissociation was found to he 2 X  lcT^and the ionic species 
present was postulated to he HgBr'*' and HgBr^" .
A study of ZnOlg (33) hy Mackenzie and Murphy
also involves results deviating from those expected. The
- 3specific conductance was found to he of the order of 10 
ohm“/cm“/and the equivalent conductance 0.04 cm* ohm*7 eq***; 
hoth low in comparison with related compounds. Also, the 
viscosity was found to he 50 poise as compared to 10"’* 
poise for CdClg • Plots of log k versus l/T for ZnCl2 
have curvatures similar to that of sodium aluminum 
tetraethyl. On the other hand, the plot of log versus 
l/T for ZnCl2 has a curvature different from that of 
sodium aluminum tetraethyl. Figure 11 shows the plot 
for NaAl(02^)4 . From the raman absorption spectra of 
crystalline and liquid ZnCl2 and a knowledge of the struc­
ture of crystalline Zn012 » which has three anions above 
and below each cation, the authors postulate a melt 
consisting of "fragments" of the original double chlorine 
layers and ZnClg* ions; no discrete Zn+* ions being present. 
At higher temperatures, a breakdown in the "fragments" 
becomes extensive (above 600 ° 0) and both Zn++ and ZnOlg** 
ions are present.
These various comparisons between values of 
conductance and viscosity data for NaAl(02^)4 and other 
molten salts seem to lead toward reduoed dissociation and
enhanced covalency In molten sodium aluminum tetraethyl.
This assumption seems more practical than the formation
of complexes, since sodium forms chelates only with very
strong chelating agents and never forms simple complexes
in solution. The only means of justifying the above
assumption at the present time is the knowledge that in
many cases where E,j covalent species of some sort
exist in the melt, and from the experimental fact that
in completely dissociated melts that have been studied,
A- varies from 30 to 150 cm* ohm"/ e q * in the vicinity
of the melting point. Perhaps further study with X-Ray
diffraction of the solid and liquid NaAlCCoH,.). coupled
c. p 4
with data obtained by studying compounds MAllOgH^)^, 
where M represents K, Li, etc. would aid in developing 
a clearer picture of the species present in the melt.
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TABLE I
HEAT OP FUSION DATA
Average emf 
at m.p.
Temp® C 
of m.p.
Temp ° K
w I X
4*8184 (solvent) 126.85 399.95 2.500
4*7886 126.12 399.22 2.505
4*7492 125.16 398.26 2.511
4.7261 124.60 397.70 2.514
4.6899 123.72 396.82 2.520
4.6537 122.84 395.94 2.525
4.6575 122.44 395.54 2.528
Weight (g) of 
NaAl(CH5)4
Mole Fraction (N) 
of NaAl(C2H5)4
log N X
0.0000 1.0000 0.00
0.0031 0.9993 -0.30
0.0061 0.9986 -0.61
0.0102 0.9980 -0.87
0.0135 0.9973 -1.17
0.0161 0.9968 -1.39
0.0186 0.9962 -1.65
\
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TABLE II
CONDUCTANCE DATA
Specific Log k
Conductance (k)
(ohm*/ cm'O
0.0554 -1.257
0.0595 -1.226
0.0612 -1.215
0.0655 -1.184
0.0675 -1.171
0.0689 -1.162
Density g/cc t 0 C
0.8886 130.0
0.8863 132.0
0.8845 153.6
0.8822 135.6
0.8799 137.6
0.8780 139.3
(
\
/
Equivalent Log A  t C
Conductance
(cm* ohm"' eq'O
10.36 1.015 130.0
11.12 1.046 132.0
11.50 1.061 133.6
12.32 1.091 135.6
12.78 1.106 337.6
13.06 1.116 139.3
T*K 3/T X 105
403.16 2.480
405.16 2.468
406.76 2.458
408.76 2.446
410.76 2.435
412.46 2.424
TABLE III
DENSITY DATA
Density g/cc 
of NaAl(C2H5)4
0.8793
O'. 8819
0.8841
0.8860
Density g/cc 
of o-xylene
0.7797
0.7815
0.7852
0.7848
0.7865
0.7882
Temp® 0
138.0 
136.0
134.0 
132.2
Temp® C
140.0 
138.0 
136.0
134.0
132.0 
130.0
TABLE IV
VISCOSITY DATA
t °  c l/T X 105 7^ o-xylene 
(poise)
t (sec) p (cm
130 2.480 0.002721 57.3 13.1
132 2.468 0.002682 55.6 13.1
134 2.456 0.002644 53.9 13.1
136 2.444 0.002606 51.3 13.1
138 2.432 0.002570 49.4 13.1
140 2.420 0.002534 47.6 13.1
*7 NaAl(°2h5^4 = log
0.0513 -1.290
0.0492 -1.308
0.0478 -1.321
0.0451 -1.346
0.0434 -1.363
0.0422 -1.375
TABLE V
STANDARDIZATION OP THE VISCOSIMETER
t°0 p (cm Hg) t (sec) p.t (c)
130 3.2 12.4 39.7
2.1 18.6 39.1
2.9 14.0 40.6
2.5 16.0 40.0
Average (c) 39.9
132 1.9 20.5 38.9
3.3 12.3 40.3
Average (c) 39.6
134 3.2 12.1 38.7
2.2 17.8 39.2
1.6 24.9 39.8
Average (c) 39.2
136 3.2 12.3 39.4
2.0 19.5 39.0
1.7 22.7 38.5
Average (c) 39.0
138 3.0 12.8 38w 4
2.6 15.1 39.3
1.6 23.4 37.4
Average (c) 38.3
140 3.2 11.7 37.4
5.0 12.3 36.9
2.0 19.1 38.2
1.2 31.0 37.2
Average (c) 37.4
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PART B
STUDIES OP SODIUM ALUMINUM TETRAETHYL IN TOLUENE
IINTRODUCTION 
Although solutions of electrolytes in solvents 
of high dielectric constant have been studied extensively, 
comparatively few studies have been made in solvents of 
dielectric constant below 20. The most thorough study 
of the effect of the solvent dielectric constant on 
electrolytic conductance in this low dielectric region 
was made by Puoss and Kraus (1).
In the study by Puoss and Kraus, the con­
ductance of tetraisoamylammonium nitrate in dioxane and 
mixtures of dioxane and water was determined. In such 
mixtures, the dielectric constant could be varied from 
that of pure dioxane, 2.2, to that of water, 79. In 
addition to the above study, conductance studies of 
tetrai soamylammonium thiocyanate and tri-isoamylammonium 
picrate in benzene, dioxane, and benzene-ethylene di­
chloride mixtures were made. The tetraisoamylammonium 
nitrate and thiocyanate were considered strong electro­
lytes according to their behavior in aqueous media, 
whereas the tri-isoamylammonium picrate was considered 
a weeds: electrolyte on the seune basis.
Prom the results of the experimental con­
ductance studies, a plot of the log of the equivalent 
conductance (A) versus the log of the normality (N) 
was made. The curve obtained for solutions of the strong
47
electrolytes was very unusual in that at low concentra-
,  -J V
tions (of the order 10 normal) a minimum was obtained, 
followed at higher concentrations by three inflection 
points. At high concentrations (of the order 0.1 N) 
the slope of the curve appears to be approaching a 
maximum. This decrease in slope at high concentrations
was attributed by the authors to the rapidly increasing
viscosity of the solutions. Although the viscosity of 
the solutions was not measured, the rapid increase of 
viscosity with concentration is to be expected. Repeated 
experimental checks verified the unusual pattern of the 
plot of log A  versus log N for solutions of strong 
electrolytes. Neglecting viscosity effects, the con­
ductance of these solutions appears to be independent of 
specific influences of the solvent. The solvent dielectric 
constant is the most important property. However, in a 
similar plot for the one weak electrolyte studied by 
Puoss and Kraus no inflection points were observed.
In a series of subsequent papers (2,3*4), a 
theoretical explanation in terms of ion-pairs and higher 
associated species was offered to explain the data 
obtained for strong electrolytes. A review of electro­
lytic conductance can be found in reference 5*
This particular investigation was undertaken 
with the hope that compounds of the form MAIR^ , where M 
represents sodium, potassium, etc., and R an organic alkyl
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radical, would be conductors in the solvents used.
Since all of these solvents have dielectric constants 
below 10, a study of this type seems significant? es­
pecially since data of this nature is rare.
The electrolytic conductance and viscosity 
of solutions of sodium aluminum tetraethyl in toluene 
was studied at 88.5° C over concentrations ranging from 
approximately 0.1 N to approximately 1.2 N. Below 0.1 U, 
the resistance of the solutions was greater than that 
measurable with the instrument used. A plot of log yv 
versus log N was made. The specific conductance of 
toluene was found to be of the order 10 ohm"7cm** (6).
The viscosity of solutions of sodium aluminum tetraethyl 
in toluene over the same concentration range was deter­
mined and a plot of viscosity versus concentration made. 
Finally, a study of the conductance and viscosity of 
solutions of sodium aluminum tetramethyl, sodium aluminum 
tetraethyl, and sodium aluminum tetraisobutyl each in 
diethyl ether was made at approximately 35° It appears 
that this type of study should reveal the effect of 
increasing anion size on the conductance and viscosity, 
and should afford a comparison of the conductance of 
sodium aluminum tetraethyl in toluene and ether. Diethyl 
ether was chosen as the solvent for solubility reasons.
II
EXPERIMENTAL PROCEDURE AND APPARATUS
A. Preparation of NaAl(i-C4Hg)4 
Sodium aluminum tetraisobutyl was prepared 
by reacting excess sodium with tri-isobutyl aluminum 
in hexane according to the reaction
3 Na + 4 AlCi-O^Hg)^ -- >  3 NaAl(i-C4Hg)4 + A1
The system is allowed to reflux for approximately three 
hours. The sodium aluminum tetraisobutyl is soluble in 
hexane and is obtained by vaporization of the hexane under 
vacuum. Sodium aluminum tetraisobutyl melts at approx­
imately 30° C and is a viscous liquid slightly above 
its melting point. Handling procedure for all materials 
involved is identical to that desoribed in Part A chapter 
II of this dissertation.
B. Electrolytic Conductance of NaAl(C2H^)4 in Toluene 
Solutions of sodium aluminum tetraethyl in 
toluene were prepared in the following manner. The weight 
of sodium aluminum tetraethyl 'in each solution was deter­
mined by difference. The solute was then placed in a 
230 ml. erlenmeyer flask* and 30 mis. of toluene were 
pipetted into the flask. Pisher reagent grade toluene, 
previously dried with sodium wire, was used. All transfer 
of material was done in the dry box.
The conductance cell, heating bath, temperature
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control system, and conductivity bridge used for this 
work are the same as those described in Part A chapter 
III of this dissertation. The measurements were taken
o
at 88.5 0. This temperature was selected because it
is sufficiently below the boiling point of toluene, and 
yet high enough to allow significant solubility of the 
solute. Table VI shows the data obtained.
C. Viscosity and Density of NaAl(C2H^)^ in Toluene 
Solutions of sodium aluminum tetraethyl in 
toluene were prepared in the manner discussed in section
B. The viscosity of each solution was determined using 
a simple Ostwald viscosimeter, as is done in conventional 
physical chemistry laboratory experiments. O-xylene, of 
known density and viscosity, was used as a standard. The 
time of flow down the capillary under atmospheric pressure 
was measured with a "Time It" manufactured by Precision 
Scientific Instruments. The experimental data is recorded 
in Table VII.
The density of each solution was determined 
with a pycnometer as described in Part A chapter III of 
this dissertation. Using o-xylene as a standard, the 
volume of the pycnometer at 88.5 0 was found to be
24.46 mis. Table VII also includes the density data.
52
D. Electrolytic Conductance, Viscosity and Density
in Diethyl Ether at 33 ° C  of NaAl(CH,)A , JTaAlCCpHcO^
and HaAlU-C4Hg)4
Solutions were made in the manner described
in section B. The volume of the pycnometer was found to
obe 24.36 mis. at 33 C. Each of the above properties 
was determined in the manner previously described. Table 
VIII lists the results obtained.
Ill
DISCUSSION OP RESULTS 
A plot of log TV versus log N, Pigure 12, was 
made for sodium aluminum tetraethyl in toluene for com­
parison with a similar plot made by Puoss and Kraus for 
tetraisoamylammonium nitrate in dioxane. Since we have 
not evaluated the conductance below concentrations of 
approximately 0.1 N, the inflection points in the plot, 
as observed by Puoss at low concentrations, were not 
obtained. The curves compare favorably at higher con­
centrations. Unfortunately, the highest concentration 
recorded by Puoss for tetraisoamylammonium nitrate in 
dioxane was 0.300 N. At this concentration TV was equal 
to 0.1005 cm * ohm-7 eq"; • At 0.321 N the conductance of 
a solution of sodium aluminum tetraethyl in toluene was 
found to be 0.189 cm* ohm~/eq"’/. The two solvents, dioxane 
and toluene, have approximately equal dielectric constants; 
respectively 2.2 and 2.4. Neglecting solvation effects, 
it appears that sodium aluminum tetraethyl is at least 
as good a conductor as tetraisoamylammonium nitrate.
Puoss and Kraus found that at a concentration of 0.070 N 
the conductance of tetraisoamylammonium thiocyanate in 
dioxane and in benzene is 0.0347 and 0.0351 cm* ohm-7eq-/ 
respectively. This is an indication that the neglect of 
solvation effects may be justifiable for the solvents 
involved. Since tetraisoamylammonium nitrate is considered
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a strong electrolyte, we may then assume the same far 
sodium aluminum tetraethyl.
The viscosity of solutions of sodium aluminum 
tetraethyl In toluene was determined, and a plot, Figure 
13, of the viscosity in millipoise versus normality was 
made. The viscosity was found to increase rapidly with 
concentration.
A study of the conductance and viscosity of 
solutions of sodium aluminum tetramethyl, sodium aluminum 
tetraethyl, and sodium aluminum tetraisobutyl each in 
diethyl ether was made at approximately 33° C and approx­
imately equal normalities. It was thought that on the 
basis of increasing anion size the conductance would 
decrease from sodium aluminum tetramethyl to sodium 
aluminum tetraisobutyl. However, a reversal of this 
order was found. The significance of this is not known, 
since it has been found that the conductance of a par­
ticular ion in non-aqueous media is not a function of the 
size alone, but is highly dependent on the nature of the 
solvent involved. For example, in water the conductance 
of Br >  I* >01 . This is also the case in liquid 
hydrogen cyanide. However, in liquid ammonia, ethylene 
chloride, pyridine, acetone and nitrobenzene the conductance 
of the 0T> Br > (8).
In a solvent, such as toluene or diethyl ether,
of very low dielectric constant coulombic forces are 
very important, and in addition to ion-padrs higher 
associated species are present. The order of conductance 
we have observed in diethyl ether may be accounted for 
by postulating stronger ion-pairs, etc. between sodium 
and the smaller anion; thus reducing the conductance.
Since the viscosities and dielectric constants 
of the ether and toluene solutions are approximately 
equal, it was expected that the conductance of sodium 
aluminum tetraethyl at approximately equal concentrations 
would be the same in each solvent. It was found that at 
approximately 0.400 N the equivalent conductance of 
sodium aluminum tetraethyl in diethyl ether is about 10 
times greater than in toluene. Thus, on the basis of 
a comparison of the equivalent conductance of sodium 
aluminum tetraethyl in toluene and ether it seems that 
the postulation of a solvation effect in ether is necessary.
Kraus (7)» in a study of the effect of added 
base on the conductance of solutions of aluminum bromide 
in nitrobenzene, found that upon the addition of dimethyl 
ether to a solution of AlBr^ in nitrobenzene the con­
ductance was found to decrease up to one mole of ether 
per mole of aluminum bromide, and then to increase rapidly 
with further addition of ether, fie explained this on the 
basis of the following equilibriums.
Me20AlBr5 + Me20 (Me20)2AlBr2+.Br (Me20)2AlBr2+ + B
A solvation effect of a similar nature may 
be responsible for the much greater conductance of sodium 
aluminum tetraethyl in ether than in toluene, and may 
account for the order of conductance also. A quantitative 
study of the conductance and viscosity of the sodium 
aluminum alkyls in diethyl ether is necessary to sub­
stantiate the results obtained here, and to perhaps 
postulate the nature of the solvation effect.
Log Equivalent Conductance vs. Log Normality 
for NaAl( 02^ ) 4. in Toluene
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TABLE VI
EQUIVALENT CONDUCTANCE DATA FOR NaAl(C2H5)4_ IN TOLUENE
Normality
0.191
0.256 
0.321
0.411
0.484
0.566
0.629
0.749
0.893
0.937
1.07
1.25
Log N 
-0.719 
0.592 
0.495 
0.386 
0.315 
0.247 
0.201 
0.126 
0.049 
0.028 
+0.029 
0.097
A, (cma ohm”' eq*7)
2.12 X 10"4 
7.22
18.9 
41.3
67.9 * 10‘*
1.05
1.33
1.60
1.96
1.98
2.24
2.48
I»og A  
-1.674 
1.141 
0.724 
0.384 
0.168 
+0.021 
0.124 
0.204 
0.292 
0.297 
0.350 
0.395
TABLE VII
VISCOSITY AND DENSITY DATA FOR NaAl(C2H5)4 IN TOLUENE
o-xylene =* 0.003792 poise (88.5 °C)
d o-xylene = 0.8231 g/cc (88.5 °C)
 ^o-xylene = 46.83 seconds (88.5° C)
d.tNormality d (g/cc) t (sec) * ii * 0 1 .M
0.173 0.8097 41.06 0.00327
0.331 0.8125 41.27 0.00330
0.490 0.8166 42.86 . 0.00344
0.597 0.8176 47.33 0.00380
0.658 0.8193 48.10 0.00388
0.857 0.8224 51.33 0.00415
1.03 0.8264 61.40 0.00499
(d.t)o-
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TABLE VIII
ELECTROLYTIC CONDUCTANCE, VISCOSITY AND DENSITY DATA 
EOR^NaAl( CH^) 4, NaAl(C2H5)4, AND NaAl(i-C^Hg)^ IN DIETHYL
)? o-xylene » 0,006795 poise (33° 0)
d o-xylene = 0.8698 g/cc
* o-xylene = 77*53 seconds
NaAl(CH3)4
Normality d(g/cc) t (sec)
0.401 0.7185 44*93
NaAl(C2H5)4
0.399 0.7287 46.63
NaAl(i-C4H9)4
0.458 0.7402 57.86
(33 °0)
(33 ° 0)
& x , • / • /A  cm ohm eq 
2.44
4.84 
6.35
)\ (poise) 
0.00325
0.00343
0.00432
1. Puoss
2. Puoss
3• Fuoss
4. Puoss
3• Puoss
6. Lange
7• Kraus
8. Kraus
IV
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